We analyze spatiotemporal light localization at the interface separating two different periodic photonic lattices. We demonstrate the existence of a novel class of continuous-discrete spatiotemporal solitons propagating along the interface, including hybrid staggered-unstaggered discrete light bullets with tails belonging to spectral gaps of different types. © 2007 Optical Society of America OCIS codes: 190.4420, 190.5530, 190.5940. Electromagnetic surface waves are the waves localized at the interface either separating two homogeneous dielectric media (one of them has to be surface active, i.e., exhibiting negative permittivity [1]) or separating a homogeneous and a periodic dielectric medium [2] . In addition, nonlinear dielectric media can support nonlinear guided waves localized at or near the surfaces, and different types of nonlinear guided wave in planar waveguides have been studied extensively [3, 4] . Recently, interest in the study of electromagnetic surface waves has been renewed after the first theoretical prediction [5] and subsequent experimental demonstration [6] of nonlinearityinduced self-trapping of light near the edge of a onedimensional waveguide array with self-focusing nonlinearity that can lead to the formation of a discrete surface soliton. A related effect of light localization and the formation of surface gap solitons have been predicted theoretically and observed experimentally for defocusing periodic nonlinear media [7, 8] . In addition, the concept of nonlinear surface and gap solitons has been extended to the case of an interface separating two different nonlinear periodic media [9] [10] [11] . Recently, we suggested an important extension of these concepts and predicted the existence of spatiotemporal surface solitons [12] . These novel types of spatiotemporal solitons [13] are similar to the continuous-discrete spatiotemporal solitons investigated in cubic [14] [15] [16] [17] , quadratic [18, 19] , and periodic [20] nonlinear optical media, but their properties are strongly affected by the surface.
Electromagnetic surface waves are the waves localized at the interface either separating two homogeneous dielectric media (one of them has to be surface active, i.e., exhibiting negative permittivity [1] ) or separating a homogeneous and a periodic dielectric medium [2] . In addition, nonlinear dielectric media can support nonlinear guided waves localized at or near the surfaces, and different types of nonlinear guided wave in planar waveguides have been studied extensively [3, 4] . Recently, interest in the study of electromagnetic surface waves has been renewed after the first theoretical prediction [5] and subsequent experimental demonstration [6] of nonlinearityinduced self-trapping of light near the edge of a onedimensional waveguide array with self-focusing nonlinearity that can lead to the formation of a discrete surface soliton. A related effect of light localization and the formation of surface gap solitons have been predicted theoretically and observed experimentally for defocusing periodic nonlinear media [7, 8] . In addition, the concept of nonlinear surface and gap solitons has been extended to the case of an interface separating two different nonlinear periodic media [9] [10] [11] .
Recently, we suggested an important extension of these concepts and predicted the existence of spatiotemporal surface solitons [12] . These novel types of spatiotemporal solitons [13] are similar to the continuous-discrete spatiotemporal solitons investigated in cubic [14] [15] [16] [17] , quadratic [18, 19] , and periodic [20] nonlinear optical media, but their properties are strongly affected by the surface.
In this Letter, we extend this analysis to the case of nonlinear interface waves [9] [10] [11] and consider an interface between two different arrays of optical waveguides, taking into account the spatiotemporal evolution of light near the interface. We combine the key features of both continuous and discrete nonlinear interface models and analyze, for the first time to our knowledge, the existence and properties of continuous-discrete soliton families describing spatiotemporal discrete interface solitons. In particular, we demonstrate the existence of hybrid staggeredunstaggered discrete light bullets with tails belonging to spectral gaps of different types.
We consider light propagation in an inhomogeneous array of optical waveguides described by the system of coupled-mode equations [21] , where we take into account the spatiotemporal evolution of light, similar to the earlier studies [14, 15, 17] . The corresponding nonlinear model can be written in the form
where f n ͉͑E n ͉ 2 ͒ = ⑀ n + n ͉E n ͉ 2 ; the propagation coordinate z and dispersion coefficient ␥ n are normalized to the intersite coupling V. In deriving Eqs. (1), the electric field in the nth guide is presented as e͑x , y͒E n ͑z , t͒exp͑ik 0 z͒, where e͑x , y͒ is the vectorial guided mode of the isolated waveguide, E n is the mode amplitude, and k 0 is the average wave number in the inhomogeneous array. We use the normalization E n = ͱ eff / VE n , where the effective nonlinear coefficient is eff = ͑n 2 ͒͑cA eff ͒ −1 , n 2 is the nonlinear refractive index, A eff is the effective mode area, and n = ± 1 defines the focusing or defocusing nonlinearity of the waveguide material, respectively.
We consider two semi-infinite waveguide arrays described by Eq. (1) with different propagation constants ⑀ A , and ⑀ B , with n = 0 being an interface site. We define ⑀ n = ⑀ A for n Ͻ 0, ⑀ n = ⑀ 0 at n = 0, and ⑀ n = ⑀ B for n Ͼ 0. We focus on the interface localized modes defined by having their centers at either the first of the A waveguides or the first of the B waveguides and also consider different combinations of the normalized dispersion ͑␥ n = ±1͒ and nonlinearity ͑ n = ±1͒.
We look for spatiotemporal localized modes in the form E n ͑t ; z͒ = exp͑i␤z͒E n ͑t͒, where ␤ is the nonlinearity-induced shift of the propagation constant serving likewise as a family parameter, and the envelope E n ͑t͒ describes the temporal evolution of the solitonlike pulse in the nth waveguide.
We find numerically localized solutions E n ͑t͒ of the coupled nonlinear equations, assuming that the amplitude of the pulse in each waveguide, max͉E n ͉, decays rapidly far from the interface, so that the corresponding solution describes a localized mode. We find the localized surface solitons by solving the stationary version of Eqs. (1), using a standard band-matrix algorithm [22] to deal with the corresponding twopoint boundary-value problem.
Figures 1(a)-1(c) show several examples of the unstaggered spatiotemporal continuous-discrete nonlinear states located at the interface n = 0 for ⑀ A = ⑀ 0 =−⑀ B = 0.6 and the focusing nonlinearity ͑ n = +1͒; these modes generalize the continuous-wave discrete interface modes analyzed earlier [9, 11] to the case of interface pulse propagation for anomalous temporal dispersion
To analyze the linear stability of each nonlinear state found numerically, we calculate the total mode power [see Fig. 2(a) ]
and the system Hamiltonian
The typical single-cusp behavior of the dependence H = H͑P͒ is shown in Fig. 2(b) , where the lower branch corresponds to the stable interface modes and the dot separates stable and unstable branches. The predictions of the mode stability gained from the ͑H , P͒ diagram has been confirmed by linear stability analysis and direct simulations of the propagation of the stationary solitons perturbed by white input noise. For the stability analysis, we have linearized the dynamical equations similar to those in earlier studies [16] and calculated the instability eigenvalues numerically. We have verified that enlarging the number of grid points leaves the eigenvalues practically unchanged. We have found that in the case of unstaggered solitons the eigenvalues are either real or pure imaginary.
We have studied different scenarios of the evolution of unstable spatiotemporal solitons corresponding to the upper unstable branch in Fig. 2(b) . Figures  3(a) and 3(b) show an example of mode hopping into the neighboring site and the formation of a stable light bullet with the center position shifted away from the interface.
In sharp contrast with the discrete spatial interface modes [9] [10] [11] , the spatiotemporal hybrid staggered-unstaggered interface solitons may appear in a very narrow parameter domain and under special conditions. We found several different cases, and the results presented below in Figs We have performed a linear stability analysis similar to the case of the unstaggered interface modes described above and found that there exist stable hybrid staggered-unstaggered spatiotemporal solitons. However, they become unstable for larger values of ␤, namely, for ␤ ജ ␤ cr = 0.23; in this case the eigenvalues are complex, and therefore they characterize the socalled oscillatory instabilities. The green dots (gray in print) in Figs. 5(a) and 5(b) separate stable and unstable branches. We have confirmed that the stable solitons resisted 5% white noise.
For ␤ ജ ␤ cr = 0.23 the hybrid solitons are unstable; however the instability eigenvalue is very small, as can be noticed from the lower branch in Fig. 5(b) . The interface ͑n =0͒ unstable hybrid structures reshape to a stable soliton located at the same site, whereas the unstable hybrid solitons located at the n = 1 site [see Fig. 4(b) ] migrate to the neighboring site n =0.
In conclusion, we have predicted the existence of continuous-discrete spatiotemporal surface light bullets at the interface separating two different periodic photonic lattices. This also includes hybrid staggered-unstaggered discrete light bullets with tails belonging to spectral gaps of different types. 
